Inventory for CML can be used to collect patientreported symptoms for research and clinical practice.
Introduction
The prevalence of survivors with chronic myeloid leukemia (CML) has increased by 4000 to 5000 per year since the approval of oral tyrosine kinase inhibitor (TKI) therapy in 2001 and is expected to plateau at 181 000 by 2050. 1 Despite excellent survival results obtained with TKIs, patients frequently experience chronic adverse events. In a recent study of 448 patients with CML treated with the first-generation TKI imatinib, 25% or more of the patients reported severe symptoms, including edema, musculoskeletal pain, muscle cramps, and fatigue. 2 Because chronic adverse events may affect adherence to therapy, 3 measures that reflect the symptom burden experienced by patients with CML are necessary to improve care, facilitate individual treatment decisions, 4 and evaluate the efficacy of emerging cancer therapies. 5 Symptom assessment is dependent on patient report, necessitating psychometrically validated self-report measures that are sensitive to change, easy to use, and quick to administer. Early symptom studies in CML were based on clinician notes or Common Terminology Criteria for Adverse Events (CTCAE) ratings by researchers 6 ; however, use of the CTCAE for assessing symptoms underrepresents the occurrence and frequency of symptoms that patients experience. 7 The Princess Margaret Hospital Symptom Experience Report, 8 the Functional Assessment of Cancer Therapy (FACT) for biological response modifiers (BRM), 9 ,10 the FACT for Leukemia (Leu), 11, 12 the MD Anderson Symptom Inventory (MDASI), 13 and an ad-hoc symptom measure 2 have been used to capture patient-reported CML symptoms. However, the FACT-BRM and FACT-Leu are health-related quality-of-life (QOL) instruments that, although including symptom items, are not symptom instruments per se. Except for the MDASI, the other instruments are not psychometrically validated.
The MDASI 14 assesses the severity and interference with daily activities of common symptoms of cancer and its treatment. The MDASI has several advantages over other measures 15, 16 : it is comprehensive yet brief enough to avoid being a burden to answer, it assesses both the severity of cancer-related symptoms and the level of symptom interference with functioning, its 0 to 10 numeric scale is readily understood by patients, easy to translate into other languages, and adaptable for telephone and electronic administration, and it is recommended as a patient-reported outcome measure for use in clinical effectiveness research. Additional symptom items can be appended to the 13 symptom and 6 interference items of the core MDASI to form disease-or treatment-specific modules. [17] [18] [19] [20] [21] [22] [23] The number of additional module-specific symptom items is minimized to keep the module concise and to facilitate repeated measurement.
The primary goal of our study was to psychometrically validate a MDASI module specific to CML (MDASI-CML). Early-phase development of 2 other patient-reported scales to measure symptoms in CML have been reported in abstract form: the Comprehensive Symptom Profile for CML 24 and a European Organization for Research and Treatment of Cancer (EORTC) CML questionnaire. 25 Because few studies have followed health-related QOL longitudinally in patients with CML, 9, 11, 26 and no study has longitudinally compared symptoms related to various TKIs, our secondary goal was to explore the occurrence of symptoms reported by patients with CML over a 1-year period.
Materials and methods
Three cohorts were used to develop, validate, and administer longitudinally the MDASI-CML. Cohort 1 generated potential symptom items from patient report of symptom experiences. Cohort 2 reduced the number of potential symptom items to those that were most relevant to patients. Cohort 3 established the reliability and validity of the final MDASI-CML and reported symptoms regularly for 1 year. Patient involvement was critical in all stages of MDASI-CML development to ensure its adequacy and content validity. 27 This study was approved by the institutional review board of The University of Texas MD Anderson Cancer Center. All patients provided written consent in accordance with the Declaration of Helsinki. Analysis software was not used for the qualitative analysis. Quantitative data were analyzed using SPSS version 17.0.2. Correlations, means, SDs, ranges, 95% confidence limits, and frequencies were computed for all symptoms and subscales of all MDASI versions used. Statistical significance was assumed at a 2-tailed a level of .05.
Cohort 1
Cohort 1 comprised English-speaking patients 18 years of age or older with Philadelphia chromosome-positive CML who were seen in the Leukemia Center at MD Anderson during November and December 2009. Sampling for this cohort was purposive, to select patients with a broad range of demographic and disease characteristics and treatment experiences that could impact symptoms.
Data collection methods and measures. The patients participated in single, individual, in-depth, taped 30-minute interviews about their symptom experiences since diagnosis. Trained qualitative research interviewers conducted all interviews and recorded observational notes after each interview. The interview guide included open-ended questions about the patient's current experience of CML and about past experiences since the time of diagnosis. Additional probe questions were asked to elicit detailed information about symptoms mentioned by the patient and to confirm that all important experiences had been discussed.
After the interview, patients provided sociodemographic information and completed the core MDASI. The MDASI asks patients to rate the worst severity of symptoms during the past 24 hours on an 11-point scale ranging from 0 (not present) to 10 (as bad as you can imagine).
14 Patients also rate the degree to which symptoms interfere with various aspects of life (general activity, mood, work [including work around the house], relations with other people, walking, and enjoyment of life) during the past 24 hours. The interference items are rated on an 11-point scale ranging from 0 (did not interfere) to 10 (interfered completely).
Patients also answered a single question rating overall QOL in the last week on a scale of 0 (as bad as it can be) to 10 (as good as it can be). 28, 29 Disease-related and treatment-related information and Eastern Cooperative Oncology Group performance status (ECOG PS) were collected from the patient's medical record.
The taped recordings were transcribed verbatim, and accuracy was verified by the interviewer.
Data analysis. Descriptive statistics were used to summarize the patients' demographic characteristics, disease-and treatment-related variables, ECOG PS, comorbidities, and QOL.
Descriptive exploratory content analysis was used to examine the transcripts of the qualitative interviews and to identify symptoms. 30 The number of patients reporting each symptom was recorded. Two clinicians and 2 researchers reviewed the list of symptoms and made suggestions for combining or modifying symptoms. The researchers and clinicians jointly agreed on the final list of symptoms. Descriptive statistics were used to summarize patient responses to the core MDASI.
Cohort 2
Cohort 2 was a panel of content experts comprising physicians and nurses from the United States with at least 5 years' experience caring for patients with CML, patients 18 years or older who had been treated for CML for at least 1 year, and family caregivers of these patients. Physician and nurse experts were suggested by 2 clinicians at MD Anderson. Patients and family caregivers were contacted in the Leukemia Center.
Data collection methods and measures. Packets containing an explanation of the study, a consent-to-participate statement, an Expert Symptom Relevance (ESR) form, and a return envelope were mailed or given to the content experts in January 2010. Experts returned the signed consent statement and completed ESR form by mail. If forms were not returned within 3 weeks, the expert was excluded from the study.
The ESR form included the 13 symptoms from the core MDASI and the additional symptoms identified by cohort 1. The relevance of each symptom to patients with CML was rated from 1 (not relevant) to 4 (very relevant). The experts could suggest other relevant symptoms as well.
Data analysis. Mean ratings of the individual symptom items were calculated. All core MDASI items and any additional symptom that had a mean rating of >3 and was endorsed by 10 or more participants in cohort 1 was retained in a provisional MDASI-CML for testing in cohort 3.
Cohort 3
Cohort 3 consisted of English-speaking patients 18 years or older with CML who were not receiving active treatment of a second malignancy and were being followed in MD Anderson's Leukemia Center. All patients meeting the inclusion criteria from March to November 2010 were approached for study participation.
Data collection methods and measures. Patients completed a paper version of the provisional MDASI-CML and a QOL question. A clinical research coordinator collected demographic and clinical information from each patient's medical record. All patients were scheduled to complete the MDASI-CML by a computer-based interactive voice response system (IVRS) every 2 weeks for 1 year. Each IVRS call directed patients to record the severity of their symptoms using their telephone keypad.
The demographic questionnaire and QOL question were the same as those used for cohort 1. Patients' disease history and current clinical and treatment information were obtained as described in cohort 1.
The first 30 patients participated in a cognitive debriefing interview about the MDASI-CML after completing it. Cognitive debriefing ensures that the instrument is complete and is usable by members of the intended population. The debriefing included 7 questions about ease of completion, comprehensibility, acceptability, redundancy, scoring, clarity, and content of the MDASI-CML, scored from 0 (best) to 10 (worst). Subquestions allowed patients to identify items that they found problematic. Further changes to symptom items could be made on the basis of the cognitive debriefing results.
Data analysis. Descriptive statistics were used to summarize the patient characteristics and demographics of cohort 3.
Cronbach a values were calculated to estimate the internal consistency reliability of each of 3 MDASI-CML subscales: the core subscale (13 core MDASI symptom items), the CML-specific subscale (7 CML-specific symptom items), and the interference subscale (6 interference items). A Cronbach a value of .70 or higher indicates good internal consistency reliability. 31 Test-retest reliability refers to the ability of an instrument to produce the same result over time when no changes in the concept being measured are expected. We calculated intraclass correlations for the 3 MDASI-CML subscales from cohort 3 assessments made 2 weeks apart to evaluate testretest reliability.
Item reduction identifies the set of items that best represent the concept of interest. Hierarchical cluster analysis was used to determine redundancy among the CML-specific items and their redundancy with core MDASI symptoms. Descriptive statistics were used to determine floor effects (a large number of scores clustering at a set lower limit and lacking variation) for all CML-specific symptom items. These analyses identified symptom items that provided little additional information or were not relevant to patients with CML and could be removed from the final MDASI-CML. Clinicians were consulted before an item was removed to verify that it was not clinically relevant.
Content validity refers to the ability of an instrument to measure the concept of interest. The content validity of the MDASI-CML was established by patient input into item generation and selection and confirmed by cognitive debriefing in the final validation stage.
Concurrent validity refers to the correlation of an instrument with an instrument that measures a related but not identical concept. Concurrent validity was examined with Spearman correlations of mean MDASI-CML symptom and interference scores and mean QOL scores for the same patients.
Known-group validity is defined as the ability of an instrument to identify outcomes of patients in specific groups using the instrument's subscales or items when such group differences are expected. We tested the MDASI-CML's sensitivity to different TKIs to establish known-group validity. Effect sizes (ESs) were calculated to estimate the magnitude of differences in the symptom severity scores reported by patients receiving 1 of the FDA-approved TKIs: imatinib, dasatinib, or nilotinib. 32, 33 Construct validity was tested using factor analysis with direct oblimin rotation to determine the constructs being represented by MDASI-CML symptom items. We evaluated model fit by examining the residuals and using Harman criteria. 34 To evaluate model fit, we examined the differences between the reproduced correlations based on the factor solution identified and the observed correlations in the sample. A solution was considered adequate if the SD of the residuals was less than or equal to the reciprocal of the square root of our sample size. We hypothesized a 2-factor structure (a general severity factor and a CML-specific factor).
Longitudinal data were explored by group-based trajectory analysis that identified groups of patients by reports of symptom severity over 1 year. Mean symptom severity and interference for the groups were compared using descriptive analysis and t tests.
Results

Demographic and clinical characteristics of study cohorts
Demographic and clinical characteristics of cohort 1 (n 5 35) and cohort 3 (n 5 152) are summarized in Table 1 . Almost all were in chronic phase and being treated with TKIs (94% and 93%, respectively). Cohort 2 comprised 4 physicians, 4 nurses, 3 patients, and 4 family caregivers; 1 physician, 1 nurse, and 1 patient failed to return required forms and were excluded from the study. Forty-four symptoms occurring over the disease course were identified from content analysis of the 35 qualitative interviews; of these, 22 were reported by at least 20% of patients. Although not mentioned spontaneously during the qualitative interviews, 2 of the core MDASI symptom items, drowsiness and dry mouth, were reported as currently present by 60% and 57% of the patients, respectively, when they completed the MDASI after the interview. Candidate symptom items were generated using terms consistent with words used by patients in the interviews. Two clinicians and 2 researchers reviewed the symptom item list, and a final candidate list of 39 symptoms for rating by the expert panel was developed by consensus of the researchers and clinicians. Nineteen symptom items, including 6 CML-specific items, met the criteria for inclusion in the MDASI-CML (Table 2) . Cognitive debriefing. The participants rated the provisional MDASI-CML questions easy to understand and complete, and did not find them overly repetitive (all mean ratings ,1). All patients reported the form easy to read and not too long. All patients reported the 0 to 10 scoring system easy to understand and use and were comfortable grading symptoms that way.
Several participants reported experiencing headache, which had not been included in the initial CML module. Headache was added 
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to the list of CML-specific symptoms, bringing the total number of symptom items for testing to 20. Eighty patients had been accrued and had completed the MDASI-CML at least once when headache was added. An assessment in which each patient had the opportunity to respond to the 20 symptom items was selected for the validation. This resulted in a validation sample of 152 patients and 140 patients who completed the MDASI-CML 2 weeks later for the retest.
Description of MDASI-CML scores and item reduction. Means and SDs for the individual symptom and interference items and all subscales for both the test and retest scores are in Table 2 . The 5 symptoms with the highest mean severity were fatigue, drowsiness, disturbed sleep, muscle soreness or cramping, and difficulty remembering. Four of these symptoms had the highest moderateto-severe (rating >5) incidence (fatigue, 21%; disturbed sleep, 18%; drowsiness, 17%; and muscle soreness and cramping, 16%), with swelling of the hands, legs, feet, abdomen, or around the eyes (14%) having the fifth-highest moderate-to-severe incidence.
Hierarchical cluster analysis showed that, although items clustered, none of the CML-specific items were redundant with core MDASI symptom items (Figure 1) . A test of the mean severity scores for all CML-specific symptom items demonstrated that the means were significantly higher than 0, indicating that there were no floor effects (all symptom severity means were significantly different from 0). Therefore, all 7 CML-specific items were retained in the final version of the MDASI-CML.
Reliability. The MDASI-CML symptom and interference scales and subscales showed good internal consistency reliability (Table 3) . The intraclass correlations of the MDASI-CML total symptom and interference scales and subscales administered 2 weeks apart (n 5 140) indicated good test-retest reliability. All values were at least 0.89 (Table 3) .
Validity. Results of cognitive debriefing provided evidence of content validity. Concurrent validity was established by correlating mean total symptom scores from the MDASI-CML with mean QOL scores for the same patients. Spearman correlations were between -0.269 and -0.436 and were statistically significant (Table 3) . Symptom severity was moderately correlated to overall QOL.
Although differences in symptom scores between TKI treatment groups were nonsignificant, some mean individual symptom scores and the mean score for the CML-specific symptom subscale showed moderate to large effect-size differences between imatinib and each of the other TKIs (Table 4) , which may be clinically significant 35 and suggest known-group validity. The difference in mean severity of distress (1.86 vs 1.03, ES 5 0.45), vomiting (0.50 vs 0.09, ES 5 0.45), and headache (1.19 vs 0.56, ES 5 0.48) between nilotinib and dasatinib, respectively, also showed moderate effects.
Principal axis factoring for construct validity showed a 3-factor solution for the symptom items of the MDASI-CML-a generalized symptom factor, an organ-specific symptom factor, and a gastrointestinal symptom factor-instead of our hypothesized 2-factor solution (Table 5) . We used Harman criteria to test the adequacy of the 3-factor solution. 34 The SD of the residuals (0.045) was smaller than the reciprocal of the square root of our sample size (0.081), indicating an acceptable fit with the 3-factor solution.
Longitudinal analysis. Using the IVRS, 121 patients (80%) completed at least 50% of the every-other-week assessments for 1 year, and 78 patients (51%) completed 80% of the assessments.
Group-based trajectory analysis of the mean severity of the 5 most severe symptoms over 1 year identified 2 patient groups that remained stable over time (Figure 2 ). The group reporting high symptom severity (n 5 49, 32%) at the start of the study continued to report similar symptom severity throughout the study (mean 5 most severe symptoms 5 4.21, SD 5 1.58; mean interference 5 3.22, Single-item QOL 8.14 (2.05) Not done *CML-specific items were retained for psychometric testing after expect panel review.
†This CML-specific item was added for psychometric testing after patient recommendation during cohort 3 testing.
‡P , .05 when tested against mean 5 0 for floor effect. SD 5 1.97). The group initially reporting low symptom severity (n 5 103, 68%) consistently reported low severity throughout the year (mean 5 most severe symptoms 5 1.23, SD 5 1.05; mean interference 5 0.74, SD 5 1.04). The 5 most severe symptoms for the low-severity group were fatigue, drowsiness, muscle soreness and cramping, disturbed sleep, and difficulty remembering. For the high-severity group, pain replaced difficulty remembering as the fifth-most-severe symptom in all quarters except the last quarter. Logistic regression analysis showed that patients who were married or working were more likely to be in the low-severity group (P 5 .047 and .01, respectively). No other demographic, disease, or treatment factors were associated with group membership. Means of all interference items and interference subscales were significantly higher for the high-severity group than the low-severity group (P , .001). Overall QOL was significantly lower for the high-severity group (6.74, SD 5 2.30) than for the low-severity group (8.63, SD 5 1.73, P , .001). We used t tests to explore differences in mean symptom severity by disease-and treatment-related variables. Patients receiving imatinib reported significantly more severe diarrhea (2.06, SD 5 2.32 vs 0.45, SD 5 1.41; P , .001), muscle soreness and cramping (2.44, SD 5 2.62 vs 1.42, SD 5 2.12; P 5 .017), swelling (2.08, SD 5 2.43 vs 1.27, SD 5 1.99; P 5 .044), and overall CML-specific symptom severity (1.75, SD 5 1.54 vs 1.04, SD 5 0.98; P 5 .002) than did patients receiving the second-generation TKIs dasatinib or nilotinib.
Discussion
In this study, we developed and performed initial psychometric testing of a CML-specific module of the MDASI. Our results provide psychometric evidence for the use of the MDASI-CML. All the symptom severity and interference subscales showed high test-retest reliability in tests given 2 weeks apart in this sample of patients with stable symptom severity. Cognitive debriefing confirmed that participants found that the MDASI-CML included the most important symptoms related to CML and was easy to use and understand. All subscales had acceptable internal consistency reliability. The CML-specific symptom items were able to detect severity differences among patients receiving different generations of TKIs that have clinically reported variations in toxicities and tolerances, as the diarrhea, muscle soreness and cramping, and swelling from the second-generation TKIs were less severe. Our results demonstrated that multiple and frequent symptom assessment may be used to describe differences in treatment-related symptom burden. Our intent was to develop an instrument that could be used to monitor symptom burden associated with therapy for CML across the board. We are currently conducting additional research to compare symptoms across various TKIs in larger samples of patients.
Most patients with CML receive TKI therapy and remain in chronic phase for years. Many experience few symptoms. However, we identified a significant portion (approximately one-third) of patients who experience moderate-to-severe levels of symptoms consistently over a year, including fatigue, drowsiness, disturbed sleep, muscle soreness and cramping, and difficulty remembering as the most severe symptoms. Pain also persisted over time. It is likely that these symptoms are treatment-related because .50% of our sample had complete or major molecular remission. However, the physiological mechanism behind these symptoms is unknown.
Our findings show that the severe symptoms identified in 25% to 30% of patients with CML receiving imatinib in the crosssectional study by Efficace and colleagues 2 remain consistently problematic over time and occur with all TKIs. The stability and chronicity of these symptoms is especially troubling, as even a mild symptom that persists for years can become problematic. Moderate-to-severe symptoms that are present for years can profoundly affect patients' functional status and QOL. This may For personal use only. on April 16, 2017 . by guest www.bloodjournal.org From lead patients to be noncompliant with therapy or abandon treatment entirely. 3 Symptomatic patients should be identified and have routine symptom monitoring and management. We have shown that automated telephone monitoring is acceptable to this patient population, who have infrequent clinic visits. Our findings deserve more investigation to determine whether there are factors that may predict which patients will experience more severe symptoms, the effect of symptoms on compliance with therapy, and best methods to manage symptoms. As expected, patients in the high-severity group reported significantly more symptom interference with function and poorer QOL than did patients in the low-severity group.
Our study had limitations. First, cohort 3 was a homogenous group of patients with well-controlled disease and stable symptom severity, which limited our ability to psychometrically evaluate the instrument's sensitivity to change over time. Most patients had been diagnosed and received current therapy for an extended period of time. We expect that patients in blast crisis would report more severe symptoms, as they experience worse health-related QOL. 12 Additional studies evaluating symptoms in untreated patients and symptoms that occur early in the course of therapy and may resolve with time would be highly desirable and are needed to test the broad applicability of the MDASI-CML. Second, all of our study participants were drawn from a single comprehensive cancer center. Therefore, our results may not be representative of patients with CML in general.
Our study also had strengths. We had access to a large population of patients with CML and completed accrual in ,1 year. Because therapy for CML is rapidly evolving and new therapies are emerging, longer studies run the risk of changes in therapy interfering with the interpretability of results. We collected symptom reports consistently over 1 year. This is the first study to report symptoms of CML patients receiving different TKIs and to begin evaluating the symptom burden experienced by these patients. Finally, unlike previous measures used to report symptoms in patients with CML, the MDASI-CML is based on the concept of symptom burden rather than health-related QOL. Measures of symptom burden may provide patients, clinicians, and regulators with more information for making treatment decisions and evaluating new therapies.
The MDASI-CML is a valid, reliable, and sensitive instrument for assessing the severity of symptoms of CML and their interference in patients' daily functioning. Most patients receive therapy with TKIs for many years or for life, and chronic mild symptoms are common but generally poorly quantitated in the literature. A significant proportion (approximately one-third) of patients with CML experience moderateto-severe symptoms that require particular attention to manage symptoms and maintain functioning. CA016672.
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